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Zenith Delay ModelsZenith Delay Models

• Marini-Murray (1973)

• Saastamoinen (1973) – Hydrostatic and Wet

• Yan and Wang (1999) – Hydrostatic and Wet
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Mapping FunctionsMapping Functions

• Marini-Murray *  (1973) – Total (includes ZD determination)

• Saastamoinen *  (1973) – Hydrostatic and Wet

• Yan and Wang* (1999) – Total

• FCULA (2002) * * – Total (uses surface Temperature)

• FCULB (2002) * * – Total (no meteorogical data)

• FCULZ (2002) * * – as FCULA, (includes ZD determination with
Saastamoinen model)
• * Wavelength dependent

• ** Optimized for 532 nm



Ray-tracingRay-tracing

• Radiosonde data (1998) for North America and SW
Pacific

• Group refractivity computed according IAG resolutions
• Computer procedures described in Ciddor (1999)  and

Ciddor and Hill (1999)
• Water vapor pressure computed using Davis (1992)
• 3 elevation angles: 15º, 10º, 6º
• Wavelengths: 355nm , 423nm, 532 nm, 847 nm, 1064 nm



New Mapping Functions (2000)New Mapping Functions (2000)



Mapping function results inMapping function results in CENTIMETERS CENTIMETERS

Zenith delay results inZenith delay results in MILLIMETERS MILLIMETERS

Notation and CorrectionNotation and Correction
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New Mapping FunctionNew Mapping Function  ComparisonsComparisons



Assessment of WavelengthAssessment of Wavelength
Dependence of New ModelsDependence of New Models



RadiosondeRadiosonde Locations Locations



Zenith delay models (532 nm)Zenith delay models (532 nm)
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Zenith delay models (355 nm)Zenith delay models (355 nm)
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Zenith delay models (1064 nm)Zenith delay models (1064 nm)
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RMS for Zenith Delay Models
Model minus Ray Tracing (mm)
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Mapping Functions (355 nm, e = 10Mapping Functions (355 nm, e = 10ºº))
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Mapping Functions (532 nm, e = 10Mapping Functions (532 nm, e = 10ºº))
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Mapping Functions (847 nm, e = 10Mapping Functions (847 nm, e = 10ºº))
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RMS for Mapping Functions (ε = 10º)
Model minus Ray Tracing (cm)
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MM MM vsvs FCULZ (e = 10 FCULZ (e = 10ºº))
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MM MM vsvs FCULZ (e = 10 FCULZ (e = 10ºº))
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Changes in mapping function (e = 15Changes in mapping function (e = 15ºº))



Changes in mapping factor (e = 10Changes in mapping factor (e = 10ºº))



Changes in mapping factor (e = 6Changes in mapping factor (e = 6ºº))



Changes in mapping factorChanges in mapping factor



Some concluding remarks ...

• All zenith delay models present some bias (about twice the
standard deviation)

• Bias is probably coming from deficiencies in zenith wet delay
prediction (as YW is based in updated refraction model)

• Wavelength dependency of the mapping function is not
significant for elevation angles above 10º

• Despite the optimization of the FCUL mapping functions for
532 nm, they do not degrade appreciably at other wavelengths;
nevertheless, modeling of the wavelength/elevation
dependence will be incorporated in a new version

• SLR testing with low elevation data is in progress


